Abstract In order to clarify the role of histamine in the neuro-humoral excitatory mechanism in the stomach, the effect of cepharanthine (an inhibitory agent of histamine release from mast cells) on excitatory response of gastric movement and increase in gastric mucosal histamine content caused by nerve stimulation (vagus and splanchnic nerves) or administration of tetragastrin were investigated in dogs. The animals were anesthetized with pentobarbital sodium and immobilized with gallamine triethiodide. The following results were obtained. Increase of gastric mucosal histamine content caused by vagal and splanchnic nerve stimulation and administration of tetragastrin was inhibited by administration of cepharanthine. Cepharanthine inhibited the tonic contraction of the innervated antral pouch or isolated antral circular muscle strip caused by stimulation of vagus nerve. Tonic contraction of the innervated antral pouch caused by electrical stimulation of the splanchnic nerve after nicotinization of celiac and superior mesenteric ganglia was inhibited by administration of cepharanthine. Cepharanthine inhibited motor excitatory response of the denervated corpus pouch caused by stimulation of vagus and splanchnic nerves and by administration of tetragastrin. These results support the theory that cepharanthine inhibits the release of histamine from histamine-secreting cells in the gastric mucosa. It is suggested that histamine plays an important role in the neuro-humoral excitatory mechanism of gastric movement.
It is well known that gastric movement is augmented by efferent stimulation of cholinergic fibers in the vagus nerve. YAMAGAMI (1955) , SEMBA and HIRAOKA (1957) , SEMBA et al. (1963) and one of the present authors (Fuvii, 1976; FuJII et al., 1976; FUJii, 1976 FUJii, -1977 have demonstrated that splanchnic nerve stimulation after nicotinization of the celiac and superior mesenteric ganglia could also induce such an excitatory response. UvNAS (1942) and GROSSMAN (1967) reported that there were two mechanisms involved in gastric acid secretion via cholinergic fibers ; one is a direct action on the acid-secreting cells, and the other an indirect action through the release of gastrin from the antral mucosa. It was also reported that there were two excitatory responses to splanchnic nerve stimulation, augmentation of the gastric movement (FUJII and NAGAO, 1977) and the increase in gastric secretion . Furthermore, it was shown that stimulation of the cholinergic fiber in the vagus and splanchnic nerves caused an increase in the gastric mucosal histamine content (FUJII et al., 1978 ; TAKASUGI et al., 1979) . From these results, it is speculated that histamine may play an important role in the mechanism of augmentation of gastric movement and secretion. SUGIYAMA et al. (1976) showed that augmentation of histamine release from rat isolated peritoneal mast cells by administration of histamine releasing agents, such as compound 48/80 and sinomenine, was inhibited by cepharanthine, a biscoclaurine alkaloid of stephania cepharantha.
This led us to further investigation of the role of histamine in the neurohumoral excitatory mechanism of gastric movement and acid secretion. In this study, the effect of cepharanthine was studied on the increase of gastric mucosal histamine content, and excitatory response of gastric movement caused by electrical efferent stimulation of the vagus and splanchnic nerves and by administration of tetragastrin.
MATERIALS AND METHODS
Adult dogs weighing 7 to 12 kg were anesthetized with pentobarbital sodium (Abbott, 25 mg/kg body weight (BW), i. v.) and immobilized with gallamine triethiodide (Teikoku Kagaku, 20 mg/kg BW, i. v.) . The animals were artificially ventilated during experiments.
Stimulation of the vagus nerve. The gastric antral branch of the vagus nerve was ligated and cut. The peripheral end of the nerve was stimulated using a monopolar suction electrode with pulses of 5 V intensity, 1 msec width and a frequency of 50 Hz generated by a stimulator (Nihon Kohden, MSE-3). An indifferent electrode was attached subcutaneously in the neck.
Stimulation of the splanchnic nerve. After blocking the gastric motor inhibitory pathway (SEMBA and HIRAOKA, 1957) by application of 2 % nicotine-Ringer's solution to the celiac and superior mesenteric ganglia, the splanchnic nerve was ligated and cut at a distance of 5 mm central to the celiac ganglion, then the peripheral end was stimulated with pulses (5 V, 1 msec, 50 Hz) using the monopolar suction electrode.
Measurement of gastric mucosal histamine content. The effect of cepharanthine on histamine release from the gastric mucosa by vagus and splanchnic nerve stimulation and by administration of tetragastrin was investigated. The samples of gastric mucosa (about 10-20 mg) of the corporal and antral regions were taken by punch-out biopsy method at various time intervals before and after stimulations. 
RESULTS
Inhibitory effect of cepharanthine on increase in gastric mucosal histamine content by stimulation of vagus and splanchnic nerves and administration of tetragastrin It is well known that gastric mucosal histamine content is increased by stimulation of the vagus and splanchnic nerves and administration of tetragastrin. In the present study, the inhibitory effect of cepharanthine on increase in mucosal histamine content in the corporal region caused by stimulation of the vagus antral branch was examined. Electrical stimulation of the vagus nerve (5 V, 1 msec, 50 Hz for 5 min) induced an increase in mucosal histamine content (Fig. 1, closed circle) . Such a response of histamine content to vagus stimulation was markedly inhibited by pretreatment with cepharanthine, an intravenous injection of the drug at 2 mg/ in Fig. 4A , movement of innervated antral pouch was augmented by stimulation of the vagus nerve (5 V, 1 msec, 50 Hz for 50 sec) as indicated by the increase of the basal line (tonic contraction). This tonic contraction was diminished by intravenous administration of cepharanthine (20 min before electrical stimulation, 2 mg/ kg BW ; Fig. 4B ) . Figure 5A shows the gastric motor excitatory response accompanied by tonic contraction of the innervated antral pouch induced by splanchnic nerve stimulation (5 V, 1 msec, 50 Hz) 30 min after nicotinization of the celiac and superior mesenteric ganglia. This tonic contraction in the gastric motor excitatory response was also diminished by administration of cepharanthine (30 min before electrical stimulation, 2 mg/kg BW; Fig. 5B ). tetragastrin, 2 mg/kg BW; Fig. 9B ).
DISCUSSION
It is well known that vagus nerve stimulation induces release of gastrin (UvNAs et al., 1975 ; UVNAS-WALLENSTEN, 1976 ) and histamine (KAHLSON et al., 1964 (KAHLSON et al., , 1967 CODE, 1965) from gastric mucosa. In a previous report , the authors confirmed that gastrin was released by not only vagus nerve stimulation, but also by stimulation of the splanchnic nerve after nicotinization of the celiac and superior mesenteric ganglia and also by vestibulo-splanchnic nerve reflex. We also demonstrated that stimulation of the vagus and splanchnic nerves induced an increment of serum gastrin level , and an increase in gastric EFFECT OF CEPHARANTHINE ON GASTRIC MOVEMENT 621 mucosal histamine content . In 1976, SUGIYAMA et al. reported that histamine release from rat peritoneal mast cells by histamine liberators was strongly inhibited by cepharanthine, and speculated that this phenomenon might be due to the stabilizing action of cepharanthine in the phospholipid membrane of histamine-secreting cells. However, there are no reports regarding the effect of cepharanthine on histamine release from histamine-secreting cells in the gastric wall.
In the present study, the effects of cepharanthine on the response of mucosal histamine content and gastric motor excitatory response to stimulations of the vagus and splanchnic nerves, and administration of gastrin were investigated. Cepharanthine inhibited histamine release from gastric mucosa caused by stimulation of the vagus nerve ( Fig. 1 ) and splanchnic nerve (Fig. 2) , or intravenous administration of tetragastrin (Fig. 3) . These results indicate that, in rats, cepharanthine inhibits histamine release from histamine-secreting cells in gastric mucosa as well as from isolated peritoneal mast cells.
Gastric movement was augmented by endogeneous and exogeneous gastrin (GREGORY and TRACY, 1964; MISIEWICZ et al., 1967; ISENBERG and GROSSMAN, 1969 ; COOKE et al., 1972 ; LIPSHUTZ and COHEN, 1972) . However, it is not clear yet whether gastrin acts on the histamine-secreting cells (CODE, 1965; KAHLSON et al., 1964 KAHLSON et al., , 1967 , gastric smooth muscle (MISIEWICZ et al., 1967) or cholinergic nerve elements (JACOBY and MARSHALL, 1969 ; LIPSHUTZ et al., 1971; VIZI et al., 1973) in the gastric wall. We confirmed that cepharanthine could inhibit augmentation of movements of the innervated antral pouch (Figs. 4, 5) which were elicited by stimulations of the vagus and splanchnic nerves. It was also confirmed that contractile activity of the vagally innervated gastric circular muscle strip caused by stimulation of tetragastrin was inhibited by cepharanthine (Fig. 6) . We previously confirmed that gastric motor excitatory response caused by histamine was inhibited by histamine H1-receptor antagonist (chloropheniramine) (FUJii and TAKASUGI, 1980) , but was not inhibited by cepharanthine, atropine, nor tetrodotoxin. All these results suggest that gastrin may not act directly on the gastric smooth muscle nor cholinergic nerve elements, but rather acts on histaminesecreting cells in the gastric wall. Histamine released by stimulation of gastrin might act directly on gastric smooth muscles and enhance an increase in gastric smooth muscle activity. Movement of denervated pouch was augmented by stimulation of vagus and splanchnic nerves (Figs. 7A, 8A ), and these responses were inhibited by cepharanthine (Figs. 7B, 8B ). These results suggest that gastrin released by stimulation of vagus and splanchnic nerves stimulates the histaminesecreting cells in the denervated pouch wall via the blood stream and releases histamine, and consequently, activity of the smooth muscle was increased by released histamine. This neuro-humoral excitatory mechanism is also supported by the fact that gastrin-induced motor excitatory response (Fig. 9A ) of denervated corpus pouch is inhibited by cepharanthine (Fig. 9B) . Vol.31, No.5, 1981 
